Objectives. The purpose of this study was to examine, in healthy volunteers, the relationship between back extensor muscle strength and body size.
Chronic low back pain represents a huge health and involved measures of strength which could be obtained only by using expensive commercial equipment. welfare problem in the UK, with almost 90 million
The strength of an individual muscle can be expected working days lost annually [1] . The causes of symptom to depend on body size, or more correctly muscle mass chronicity remain obscure, but a common finding in [7] , and possibly also gender and age [8] . Thus, normal many patients is that the back muscles are both weak values for strength must be evaluated with due considand excessively fatiguable [2] [3] [4] [5] [6] . It is not clear whether eration of these parameters. For other muscle groups, dysfunction of these muscles predisposes towards back such as the quadriceps, a good relationship between pain or whether it is a consequence of pain-related maximal strength output and body mass (or fat-free disuse, but in either case it would be expected to lead body mass) has been observed [8] , suggesting that to a reduction in the extrinsic stability of the spine and overall body mass may provide an adequate enough perhaps even a predisposition to further damage.
representation of the strength of individual muscle A knowledge of the 'normal' strength of the back groups. To the authors' knowledge, comparable data muscles is required if deficits in the maximum forceare not available for the back muscles, although they generating capacity of low back pain patients are to be would be valuable in the assessment of physical capacity identified. Furthermore, the maximum capacity of the in low back pain patients. muscles must be known if assessments are to be made
The purpose of this study was to examine, in healthy of muscle fatigue during the maintenance of submaximal volunteers, the relationship between back extensor target forces (fixed percentages of maximum). A few muscle strength and two indices of body size (body previous investigations have attempted to establish mass and fat-free mass) in order to derive normative 'normative' data for back muscle strength-or have equations to allow prediction of back muscle strength presented such data incidentally in the course of other from these easily obtained measurements. investigations-but these have usually been performed on small groups of subjects (predominantly men) and investigated, the majority of whom were participating in a prospective study of risk factors for low back pain [11] . This position was chosen to simulate a functional lifting position (see below). Subjects pulled up with at the University of Bristol. Table 1 shows the physical characteristics of the volunteers, who were mostly health maximum effort for 3.3 s while the output from the load cell was displayed on a digital voltmeter and simultanservice professionals involved in patient handling and had no history of serious low back pain (where serious eously A-D converted at 60 Hz for input to a microcomputer. To avoid the effects of spuriously high transient was defined as that which required medical attention or time off work). Percentage body fat was determined forces, resulting from coarse jerking movements, the force data were averaged over 0.33 s time periods. anthropometrically from skinfold thicknesses at biceps, triceps, subscapular and supra-iliac sites, according to Between three and five attempts were usually required (with 2-3 min rest between each, to prevent fatigue) to the method of Durnin and Womersley [9] , from which fat-free body mass could be calculated.
Methods

Subjects
obtain consistent maxima within 5-10% of each other. The highest maximum out of these 3-5 trials was then All subjects gave informed consent for these studies, which were approved by the local ethics committee.
taken as the individual's true maximum capacity. The total extensor moment generated by the back Measurement of back muscle strength muscles was calculated with a knowledge of the following: the external lever arm (perpendicular distance from Subjects stood (with knees slightly flexed ) in a wooden frame, with the front of the pelvis resting against a the point of force application at the load cell to the estimated centre of the L5-S1 disc), the sacral angle, cushioned cross-bar, and with a strap fastened around the hips [10] . Whilst leaning forward in the frame, and an estimate of the internal lever arm of the back muscles and fascia, which was dependent on the indisubjects pulled upwards on a handlebar attached by a metal chain to a floor-mounted load cell ( Fig. 1) . The vidual's build, or frame size [10] . The extensor moment required to counterbalance the effects of the upper body handlebar was constrained by the frame to move only in the vertical direction. Its height was adjusted so that weight (estimated as 60% body weight, acting on a lever arm of 60% of the perpendicular distance from the the subject's hands were at approximately mid-thigh level, with the lumbar spine flexed by 70% of the range estimated centre of the L5-S1 disc to the load cell [12]) was added to the value generated during the maximal of flexion, as measured using the 3-Space Isotrak system T 1. Physical characteristics of the subjects used in the study contraction, to give the total maximal extensor moment ( TotEM ), as previously described [10] . This moment (units, Nm) was taken as the measurement of back muscle strength. In a group of 10 subjects who repeated this strength test on two separate days, we observed no significant difference between the mean values (P = 0.57) and an extremely high reliability coefficient (R = 0.9).
Statistics
Tabulated descriptive data are given as the mean and .. Linear regression analysis was used to examine the relationship between body size and strength. Analysis of covariance was used to investigate gender differences in the relationship between body mass (or fat-free mass) and maximal back muscle strength.
Results
The maximum extensor moment generated by the back muscles showed a highly significant correlation both with total body mass and with fat-free body mass (P < 0.0001 for each parameter). Within the range examined, there was no independent effect of age. Analysis of covariance revealed that these relationships were gender dependent, in terms of both the intercept (P < 0.05) and the slope (P < 0.001) of the regression line describing the relationship. As such, individual predictor equations are given for the sexes independently (Fig. 2) .
Discussion
Back muscle strength was measured in a standing, forward flexed posture because the back muscles are most commonly used in this position during manual labour [10] [11] [12] . Even when lifting with the knees bent, the spine is frequently flexed by 70-100%, presumably because, in such postures, the stretched passive tissues of the spine can partially contribute to the extensor moment generated [12] . At the low end of this range (70% flexion), tension in the intervertebral discs and ligaments is minimal [12] so most of the passive tension will be generated by stretching of muscle and fascia. The test position used in this study therefore enabled a functional measure of maximum capacity to be obtained with minimal risk of strain injury to the intervertebral discs and ligaments. The absolute values of predicted strength, however, are therefore appropriate only for measurements made in this position, and may not be applicable for some existing commercial devices, which often measure strength in different postures. The strength testing procedure used in the present study gives reliable and repeatable results [10] , and is simple, safe and inexpensive to perform; consequently, similar procedures are already in use in two other laboratories 
